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of the genetic material carried by two or more populations and the
genetic variation within a population. The identification of individual
genes, on the other hand, will allow the genetic makeup of an animal
(genotype), as distinguished from its appearance (phenotype), to govern
the process of choosing the parents of the next generation (artificial
selection). If genes for production traits can be identified, for ex-
ample, they can be selected for even if they are not expressed in an
individual animal. Alternatively, if they can be linked to genes with
known locations on chromosomes and clear-cut phenotypes (marker
loci), selection can be done using these points of reference. This
allows selection for a desired character even though the genetic basis
for the desired phenotypes may not be known.

Molecular Quantification of Genetic Diversity and Distances

Several techniques are used to estimate genetic differences be-
tween populations. Each has its own set of assumptions and applica-
bility to a given problem. All attempt to quantify genetic distance
between populations, which is a measure of the number of genetic
differences between two populations or species. Molecular techniques
for estimating differences have been reviewed by Chambers and Bayless
(1983), Nei (1987a), and Sharp (1987). These methods include DNA
(deoxyribonucleic acid) sequencing, DNA-DNA hybridization, pro-
tein electrophoresis, immunologic methods, and restriction fragment
length polymorphisms (RFLPs).

DNA sequencing involves determining the sequence of base pairs
in sections of the DNA. Although techniques for automating DNA
sequencing are being developed and improved, the process is still
too expensive and time consuming to be routinely applied. A reli-
able estimate of sequence divergence between two populations would
require sequencing of many genes for many animals within each popu-
lation. This is not currently feasible in animals, but it could become
the main method for determining genetic distance in the future.

DNA-DNA hybridization requires the isolation of DNA from two
related genomes. The DNA is treated with heat, causing the DNA
double-stranded helix to disassociate and become two single-strand
DNA molecules. When the single-strand DNA from two different
sources is combined, it will re-form into double-stranded DNA upon
cooling. The stability of the re-formed double-stranded DNA de-
pends on the exactness of the match. The extent of nucleotide differ-
ences between the two different strands can then be approximated
upon reheating and measuring the temperature at which the double
strand dissociates again into single strands; this provides an index of
relatedness and so, conversely, of genetic distances.